ABSTRACT
Introduction
Cancer remains the leading cause of death in the World and as a result there is a pressing need for novel and effective treatments. One of the characteristic of cancer cells, that differs from their normal counterparts in a number of biochemical processes, particularly during the control of cell growth and division. Despite major breakthroughs in many areas of modern medicine over the past 100 years, the successful treatment of cancer remains a significant challenge at the start of the 21st century. Because it is difficult to discover novel agents that selectively kill tumor cells or inhibit their proliferation without the general toxicity, the use of traditional cancer chemotherapy is still very limited. In the field of chemotherapeutic drugs, the search for new, more active, more selective and less toxic compounds is still very intense, and new promising anticancer approaches are being tested [1, 2] . Currently, combined anticancer therapies or multi-acting drugs are clinically preferred to traditional cytotoxic treatment, with the aim of overcoming resistance and toxicity drawbacks. These events often prevent successful treatment and are responsible for reduced survival times [3, 4] . In the past 50 years, the mass screening of either synthetic derivatives or natural products has led to the discovery of the currently utilized anticancer drugs.
Homopiperazine or 1,4-diazepane ring system has demonstrated considerable utility in drug design, with derivatives demonstrating a wide range of biological activities. In recent years a variety of 1,4-diazepines were reported for inhibition of platelet aggregation [5] , peptidoglycan synthesis inhibition [6] , 5-HT antagonists [7, 8] , H 3 receptor antagonists [9] , as peptidomimetic scaffolds [10] , biological tools [11] , protein kinase inhibitors [12] , matrix metalloproteinase inhibitors [13] (MMPs), and anti-HIV agents [14] . The DNA strand breaking activity was also reported [15] for diaryl diazepine. In concert with this, the development of new synthetic approaches to the 1,4-diazepine ring system and their further elaboration have provided access to a broad range of functionalized derivatives that have contributed to advances in understanding the underlying principles of structure and reactivity. In continuation of our efforts to get new chemotherapeutic agents [16] [17] [18] , we herein report the synthesis of homopiperazine derivatives and their antiproliferative activity.
Methods

Chemistry
1H NMR spectra were recorded on Shimadzu AMX 400-Bruker, 400 MHz spectrometer using DMSO as a solvent and TMS as internal standard (chemical shift in  ppm).
Spin multiplets are given as s (singlet), d (doublet), t (triplet) and m (multiplet). Mass and purity were recorded on an LCeMSD-Trap-XCT. Elemental (CHNS) analyses were obtained on Vario EL III Elementar. Silica gel column chromatography was performed using Merck 7734 silica gel (60 -120 mesh) and Merck made TLC plates.
Synthesis of 1-benzhydryl-4-(substituted
phenylcarboxamide/carbothioamide)-1,4-diazepane Derivatives 6(a-e) and 7(a-f)
1-Benzhydryl-1,4-diazepane derivatives 6(a-e) were synthesised by the method summarized in Scheme 1. Initially the compound 2, benzhydrol was synthesised by reduction of benzophenone 1 using sodium borohydride and achieved 90% yield. Compound 2 was subsequently treated with thionyl chloride to give benzhydryl chloride 3, which was directly treated with homopiperazine 4 and anhydrous potassium carbonate using dimethyl formamide as a solvent at 80˚C to give the target key intermediates 1-benzhydryl-1,4-diazepane 5. Nucleophilic substitution reaction of compound 5 with different aryl isocyanates and isothiocyanates yielded the target compounds 6(a-e) and 7(a-f).
Synthesis of Benzhydrol (2)
A solution of benzophenone (20.0 g, 109 mmol) in methanol was taken and cooled to 0˚C -5˚C. Sodium borohydride (8.28 g, 219.5 mmol) was added to the solution and stirred for 5 hr at room temperature. Upon completion, the solvent was removed under reduced pressure and residue was taken in water and extracted with ethyl acetate. Finally water wash was given to the organic layer and dried with anhydrous sodium sulphate. The solvent was evaporated to get benzhydrol. 7 mmol) was added followed by the addition benzhydryl chloride (9.1 g, 44.9 mmol) and the reaction mixture was heated to 80˚C for 8 hr. Completion of the reaction was monitored by TLC. After completion, the solvent was removed under reduced pressure and residue was taken in water and extracted with ethyl acetate. Finally, water wash was given to the organic layer and dried with anhydrous sodium sulphate. The solvent was evaporated to get crude product, which was purified by column chromatography over silica gel (60 -120 mesh) using chloroform: methanol (9:1) as an eluent.
Reagents and conditions: i
General Procedure for Synthesis of 1-benzhydryl-4-(substituted phenylcarboxamide/ carbothioamide)-1,4-diazepane Derivatives 6(a-e) and 7(a-f)
A solution of 1-benzhydryl-1,4-diazepane (5) (1.0 eq) in dry dichloromethane was mixed. Triethylamine (3.0 eq) was added to the reaction mixture and stirred for 10 min, and then different aryl isocyanates/aryl isothiocyanates (1.0 eq) were added. The reaction mixture was stirred for 5 -6 hr at room temperature, and monitored by TLC. Upon completion, the solvent was removed under reduced pressure and residue was taken in water and extracted with ethyl acetate. The organic layer was washed with 10% ammonium chloride solution and finally water wash was given to the organic layer and dried with anhydrous sodium sulphate. The solvent was evaporated to get crude product, which was purified by column chromatography over silica gel (60 -120 mesh) using hexane: ethyl acetate (8:2) as an eluent.
Synthesis of 4-benzhydryl-N-(3-chlorophenyl)-1,
4-diazepane-1-carboxamide (6a) The product 6a was obtained by reaction of 1-benzhydryl-1,4-diazepane (5) (0.50 g, 1.88 mmol), 3-chlorophenyl isocyanate (0.29 g, 1.88 mmol) and triethylamine (0.57 g, 5.64 mmol) in dichloromethane using the general experimental procedure as described. 
Biology
Cell Lines and Culture Conditions
B-cell leukemia cell line (Reh), a kind gift from Dr. Michael R. Lieber, USA, was used for the present study. The cells were cultured in RPMI 1640 (SERA LAB, UK) containing 10% FBS (GIBCO BRL, USA), 100 U of Penicillin G/ml and 100 μg of streptomycin/ml (SigmaAldrich, USA) at 37˚C in a humidified atmosphere containing 5% CO 2 .
Trypan Blue Assay
The cytotoxicity induced by 6(a-e) and 7(a-f) were tested on Reh cells by using trypan blue dye exclusion assay [19, 20] . Reh cells were seeded at a density of 1 × 10 5 cells/ml, grown for 24 h and the compounds were added at a concentration of 10, 50, 100 and 250 μM. DMSO treated Reh cells were used as a vehicle control. Following treatment with the compounds, the cells were collected at an interval of 24 h and resuspended in 0.4% Trypan blue (Sigma-Aldrich, USA). The number of viable cells was counted using haemocytometer. The IC 50 value (50% inhibition of cell growth) was estimated following 48 and 72 h of treatment with the respective compounds. Each experiment was repeated a minimum of 3 times and the values obtained were plotted as a graph.
MTT Assay
Effect of 6(a-e) and 7(a-f) on cell proliferation was tested by using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT) assay [19, 21] . Reh cells were seeded in duplicates in a 96-well plate at 1 × 10 5 cells/well. After 24 h of cell culture, the compounds were added at a concentration of 10, 50, 100 and 250 μM and incubated for 24, 48 and 72 h. The cells were harvested after appropriate time intervals and the MTT reagent (5 mg/ml, Sigma-Aldrich, USA) was added and incubated for 4 h. The insoluble MTT formazan products were then solubilized in a detergent containing 50% N, N-dimethylformamide (Sigma-Aldrich, USA) and 10% SDS (Amresco, USA) and incubated for 2 h. The absorbance was measured at 570 nm on a multiwell ELISA plate reader (Molecular Devices, USA) scanning spectrophotometer. Cells grown in culture media alone or in DMSO were used as controls. The data showing effect on cell proliferation of Reh cells by HPI and HPIS series compounds are expressed as percentage of inhibition. The experiment was repeated three independent times and the values obtained were plotted as a bar diagram indicating error bars.
Results and Discussion
of 6(a-e) and 7(a-f) on the B-cell leukemia cell line, Reh. Cells were treated with 10, 50, 100 and 250 µM of 6(a-e) and 7(a-f) and subjected to trypan blue assay. The cells were counted at an interval of 24 h, till the cells attained a stationary phase.
Cells treated with DMSO were used as a vehicle control. Results showed that addition of 6(a-e) and 7(a-f) affected the cell viability at higher concentrations and induced cell death in a time-and dose-dependent manner (Figure 1) . However, in case of most of the compounds, the cell viability was not affected at the lowest concentration (10 µM) studied (Figure 1) Among the compounds studied, 6a was the most sensitive, showing the lowest IC 50 value of approximately 18µM, at 72 h of treatment, ( Table 1) . Thus, the trypan blue assay results suggest that most of the compounds studied were less toxic to Reh cells.
The effect of 6(a-e) and 7(a-f) on cell proliferation When we compare the activities of these two series of compounds 6(a-e) and 7(a-f), we observed that the compounds with carboxamide functionality showed good activity compared with the corresponding carbothioamide derivatives. Compound 6b with 4-fluorophenyl carboxy group attached to homopiperazine showed good activity with IC 50 value of 30 µM compared to compound 7c with 4-fluorophenyl carbothio group attached to homopiperazine with IC 50 value 65 µM. In the same way, compounds 6d and 6e with 3-methoxy and 4-methoxy groups on the phenyl ring of aryl carboxy moiety sowed good activity with IC 50 values of 30 µM and 42 µM respectively compared to the compounds 7d and 7e having 3-methoxy and 4-methoxy groups on the phenyl ring of aryl carbothio moiety attached to homopiperazine with IC 50 values of 55 µM and 70 µM respectively. From the above observations, it is clear that compounds with aryl carboxy moiety attached to homopiperazine showed good activity compared to the corresponding aryl carbothio moiety containing compounds. 
Conclusions
In conclusion, we synthesized a series of novel 1-benzhy-dryl-4-(substituted phenylcarboxamide/carbothioamide)-1,4-diazepane and investigated their antiproliferative activity on Reh cells. Compounds with carboxamide linkage showed good activity compared to that of compounds with carbothioamide linkage. Compound 6a showed good potency activity compared to all the compounds tested. Further derivatisation and studies to know the mechanism of action are underway.
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